SUMMARY Contraction time, time to peak rate of tension development, half-relaxation time and maximum twitch tension of partially denervated flexor carpi ulnaris muscle were measured in children with brachial plexus birth palsy. The extent of weakness of the affected muscle was assessed by expressing its maximum twitch tension as a percentage of the tension of the contralateral normal muscle. Contraction time, time to peak rate and half-relaxation time were prolonged in children with severe weakness, while in children with moderate weakness only halfrelaxation time was prolonged. The contralateral normal flexor carpi ulnaris muscle showed age differences in its contractile properties, while in the affected muscle such differences were not found. This result suggests that denervation at birth impairs normal development of muscle contractile properties.
Partial denervation and reinnervation of muscle has been known to produce changes in its contractile properties.1-4 It has been shown that denervation and reinnervation also influence the process of muscle fibre differentiation.5-"1 Few studies are available that assess the contractile properties of partially denervated muscles in patients. [12] [13] [14] [15] It appears worthwhile to investigate the changes in the dynamic properties by partial denervation in human developing muscle.
The purpose of this paper is to describe the changes found in the dynamic properties of partially denervated flexor carpi ulnaris muscle in infants and small children with brachial plexus birth palsy.
Patients and methods
Seventeen children, eight girls and nine boys, whose ages ranged from two months to three years (mean age 16 months) with brachial plexus birth palsy were examined. The distribution of motor weakness lay within the segmental innervation of roots C5-T,. Needle electromyography revealed evidence of partial denervation. The brachial palsy was unilateral; in 13 children it was right-sided, and in four-left-sided. The duration of the palsy was the same as the age of the children.
Electrical and mechanical isometric twitch responses of the flexor carpi ulnaris muscle of both forearms (the normal forearm served as control) were studied. The ulnar nerve was stimulated (single square electric pulses of 0 2-0 5 ms duration) proximal to the el,bow with bipolar surface electrodes Disa 13K62. The stimulus intensity was supramaximal (40% above maximal). The electrical responses were recorded with bipolar surface electrodes Disa 13K60, placed in bellytendon position and recorded by Disa 3-channel electromyograph. The electrical responses served to control the stimulus strength. The mechanical response was studied by the method of Gatev et al. '6 The arm was immobilised with a special splint, on which a mechano-electrical transducer was fixed. The dynamogram and its first derivative were recorded (fig 1) . Recording and measurement on a photographic paper included electrical response, maximum twitch tension (P), contraction time (CT), time to peak rate of tension development (CT,), time from peak rate to the end of contraction (CT2), and half-relaxation time (TSR). Measurements of each parameter are illustrated in fig 2. The individual values of each child were averaged from six to 10 recordings. Further details of the technique and the method have been reported elsewhere. '7 The extent of weakness of the flexor carpi ulnaris muscle was assessed by expressing its maximum twitch tension as a percentage of the tension of the contralateral normal muscle. In the present study all examined parameters of the contractile properties of the affected muscle (Cr, CT,, CT2 and T'R) were prolonged in the group of children with severe weakness. In children with moderate weakness only TiR was prolonged, but this prolongation was considerably smaller than that in those with severe weakness. These results suggest that changes in contractile properties following denervation and reinnervation were influenced by the extent of muscle weakness. Hence, severe denervation and poor recovery of twitch tension were accompanied by slowing of the velocity properties of the muscle.
Studies on partially denervated and reinnervated muscles in adult patients have equivocal findings for CT and T'R.12-"5 Buchthal et al'2 examining CIT of small bundles of muscle fibres in brachial biceps muscle and in anterior tibial muscle in adult patients found prolonged CT and the range of the histogram of CT diminished by 60%. Prolonged CT and T-R was found also in partially denervated extensor hallucis brevis muscle," in the first dorsal interosseus muscle" and in motor units from the same muscle. '4 The present study confirms earlier ones" 2-15 in showing that there are prolonged CT and TiR in partially denervated human muscles but it differs in that it examined a muscle affected at birth and it gave an account of the influence of the extent of muscle weakness on the contractile properties.
The adult pattern of contractile characteristics of mammalian muscles develops before and after birth.1819 Postnatal development of muscle contractile properties in animals is impaired after denervation.' 5 91011 In the present study the normal flexor carpi ulnaris muscle showed slowing of its velocity properties in children compared with infants. These changes are similar to the changes found in normal infants and children,17 and reflect age differences occurring during development. Such 
